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(54) Microchip electrophoretic method and apparatus 

(57) In order to irradiate a constant range of a sepa- 
ration passage(55) of a microchip(5), light 1rom a light 
source(1) linearly extending along the separation pas- 
sage(55) is transmitted through cylindrical lenses(2, 4) 
and a bandpass filter(3) and introduced into the separa- 
tion passage(55). The light transmitted through the sep- 
aration passage(55) of the microchip (5) is introduced 
into a photocell array (7) through a cylindrical lens (6) 
and detected. Measurement is repetitively performed 
and accumulated to determine migration patterns. 



FIG. 2 
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Description 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a method of analyzing a very small quantity of a wide range of analytes. especially 
biopolymers such as protans or nucleic acids at high speed and in high resolution, and is an apparatus for this purpose. 
More particularly, it is an apparatus that relates to a microchip electrophoretic method that employs a microchip. The 
microchip is prepared by forming a groove for feeding a liquid onto the surface of at least one of a pair of transparent 
plate members. The other plate member is provided with holes in positions corresponding to the groove. These plate 
members are adhered to each other while positioning the groove inward, thereby forming a separation passage by 
means of the groove. By filing up the separation passage with a migration liquid, injecting a sample into one end of it. 
and applying a migration voltage across the separation passage, the sample is electrophoresed in the separation pas- 
sage. 



Description of the Background Art 

In the case of analyzing a very small quantity of protein or nucleic acid, an electrophoretic apparatus, such as a 
capillary electrophoretic apparatus, is generally employed. In the capillary electrophoretic apparatus, a migration buffer 
is filled in a glass capillary having an inner diameter of not more than 1 00 n m. A sample is introduced into one end. fol- 
lowed by the application of a high voltage across the capillary for migrating the analyte in the capillary. The capillary, 
having a large surface area with respect to its volume, i.e.. having high cooling efficiency, allows application of a high 
voltage, and can analyze a very small quantity of sample, such as DNA, at high speed in high resolution. 

However the capillary is fragile due to its small diameter even though it is usually protected by a polyimide coating. 
Therefore the user must be extremely careful when exchanging capillaries. For this reason a capillary electrophoretic 
chip called a microchip, has been proposed. This microchip is formed by connecting two substrates, as described in D. 
j Harrison et al.. Anal. Chim. Acta 283 (1993). pp. 361 to 366. Figs. 1 A to 1C show an example of such a rrocrochip. 
This microchip consists of a pair of transparent substrates (such as glass plates) 51 and 52. Intersecting electrophoretic 
capillary grooves 54 and 55 are formed on a surface of substrate 52, while reservoirs 53 are provided on substrate 51 
as holes in positions corresponding to the ends of grooves 54 and 55 respectively. 

When employing this microchip, substrates 51 and 52 are overlapped, as shown in Fig. 1C. so that an electro- 
phoretic buffer solution is injected into grooves 54 and 55 from any reservoir 53. Subsequently, a sample is injected into 
reservoir 53 corresponding to one end of shorter groove 54. while a pair of electrodes are inserted between reservars 
53, corresponding to both ends of groove 54, for applying a high voltage to the sample injection at a prescribed time. In 
this way. the sample is dispersed into groove 54. 

Then another pair of electrodes are inserted between reservoirs 53. corresponding to both ends of longer groove 
55 for applying a migration voltage. The sample, which is present on intersection 56 between grooves 54 and 55. is 
electrophoresed in groove 55. A detector such as an ultraviolet visible light photometer, a fluorescent photometer, or an 
electrochemical detector, is located in a conect position to groove 55. for detecting separated components. 

Conventional microchp electrophoretic apparatuses employing optical detectors for the detection of constituents 
use laser induced fluorescence detection as a detection means. No apparatus performs detection by absorption in an 
ultraviolet visible region. If ultraviolet visible absorption detection is to be applied, it is conceivable as a method of intro- 
ducing incident light perpendicularly to a passage and detecting target components passing through a certain specific 
position of a detection part through means such as a photocell, thereby confirming separation in a similar way to a con- 
ventional capillary electrophoretic apparatus. 

When light is introduced into a microchip perpendicularly to its surface as in case of capillary electrophoresis, an 
optical path length of only about 20 urn can be obtained and this is about 2/5 of that in conventional capillary electro- 
phoresis Also in the conventional capillary electrophoresis, the optical path length (about 50 u m) is so short that its infe- 
rior sensitivity is a serious drawback despite its high resolution. Although it is conceivable to swell a passage of a cell 
part in order to increase the optical path length, as observed in a bubble cell or the like, it is still difficult to implement a 
sufficient optical path length. 



SUMMARY OF THE INVENTION 

Accordingly the present invention is meant to improve detection sensitivity in microchip electrophoresis. 
The microchip electrophoretic method introduced by the present invention is adapted to fiU up a separation passage 
of a microchip with an electrophoretic buffer solution, inject a sample into its one end and apply a rn.grat.on voltage 
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across the separationpassage, thereby performing electrophoresis to the sample in the separation passage, and com- 
prises the following steps: 

(a) Stopping applcation of the migration voltage upon complete separation of target components in the sarrple; 
5 (b) Irradiating theseparation passage with light over a prescribed range in which the target components are sepa- 

rated and repetitixely measuring absorption or light emission by the sample over the entire range; and 
(c) Accumulating measured values in each position of the separation passage, thereby obtaining migration pat- 
terns. 

w The microchip etorophoretic apparatus introduced in the present invention comprises a microchip, a high voltage 
power supply unit, licfa irradiation means, light detection means and a data processing/control part. The microchip has 
a separation passageformed in a transparent member and is filled with a buffer solution. Sample is injected into one 
end and a migration toltage is applied across the separation passage for electrophoresis and separating the sample in 
the separation passage. The high voltage power supply unit applies the migration voltage across the separation pas- 

15 sage. The light irradiation means irradiates the separation passage with light over a prescribed range. The light detec- 
tion means detects Absorption of the light or light emission by sample components separated in the separation 
passage. The data pocessing/control part controls the migration power supply unit for stopping the application of the 
migration voltage upon complete separation of target components in the sample. It repetitively performs measurements 
along the separation passage by the light detection means in this state, accumulating measuring signals in each posi- 

20 tion of the separation passage for obtaining migration patterns and thereafter performing data processing. 

An exemplary miaochip comprises a pair of transparent plate members. A groove for feeding a liquid is formed on 
a surface of at least one of the plate members, the other plate member is provided with holes in positions corresponding 
to the groove, and these plate members are joined while directing the groove inward, forming a separation passage by 
the groove. 

25 In order to obtain migration patterns along the separation passage while stopping application of the migration volt- 
age, the light irradiation means comprises a light source and an optical system irradiating a prescribed range of the sep- 
aration passage with'lnearly condensed light. The light detection means comprises a plurality of photodetectors which 
are arranged along the separation passage for simultaneously detecting light from sample components in the separa- 
tion passage which rave been irradiated with the light by the light irradiation means. The data processing/control part 

30 repetitively performs measurements by the light detection means, accumulating the measuring signals in each photo- 
detector. 

In an actualized sfructure, the light irradiation means comprises a light source which extends linearly along the sep- 
aration passage, anda cylindrical lens, which is positioned for condensing light widthwise along the separation passage 
and for introducing licjht from the light source into the separation passage. The light detection means comprises a cylin- 
35 drical lens that is posttoned for condensing light widthwise along the separation passage and for guiding light from the 
separation passage tathe photodetectors. 

In order to obtain migration patterns along the separation passage while stopping application of the migration volt- 
age, the light irradiation means comprises a light source and an optical system irradiating the separation passage with 
light beam. The light detection means comprises a single photodetector, which is positioned to detect light from the 
40 sample in the separation passage by light from the light irradiation means. A set, which includes the light irradiation 
means and the light detection means, and the microchip, are capable of relative movement along the separation pas- 
sage. The data processing/control part repetitively moves this set or the microchip along the separation passage for 
accumulating detection signals by the light detection means in each position of the separation passage. 

The light detection means is adapted to detect light absorption by sample components in the separation passage. 
45 Either the light irradiation means or the light detection means comprises spectroscopic means selecting a wavelength 
for measuring absorbancy. 

The number of repetitive measurement times for the gathering of information is preferably automatically calculated 
and controlled by the data processing/control part. To this end, the data processing/control part comprises a calculation 
formula which includes a diffusion coefficient of the sample and a peak deterioration degree as parameters for calcu- 
50 lating the number of repetitive measurement times by light irradiation in the separation passage, and automatically cal- 
culates the number of repetitive measurement times and controls the repetitive measurement by inputting such 
parameters. 

As to a concrete ©cample for calculating the number of repetitive measurement times, the data processing/control 
part comprises the fofiowing calculation formula for obtaining a time t' up to deterioration of a theoretical plate number 
55 to N* as a time allowing repetitive measurement. 



t' = (L 2 /N'-a 2 )/2D 
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The data processing/control part calculates the number of repetitive measurement times on the basis of the time t\ In 
the above formula. L represents a length of the separation passage (capillary), or represents a standard deviation of the 
peak, and D represents the diffusion coefficient. 

In another example for calculating the number of repetitive measurement times, the data processing/control part 
5 comprises the following calculation formula for obtaining a time t' up to deterioration of a theoretical plate number to N* 
as a time allowing repetitive measurement. 

f = L 2 (1/N'-1/N)/2D 

10 And the data processing/control part calculates the number of repetitive measurement times on the basis of the time t\ 
When the migration voltage applied across the separation passage is eliminated after complete separation of the 
target components, no inertial force acts on the separated components dissimilarly to the liquid chromatography; the 
components are naturally diffused and remain in the passage. The light detection means repetitively measures absorp- 
tion by light applied to the overall passage or fluorescence in this state. The position of each photodetector of the light 

15 detection means corresponds to that of the passage, and hence the light intensity at each position of the passage is 
measured and repetitively accumulated. While the components in the passage are naturally diffused during the meas- 
urement, the signal-to-noise ratio is 1 7.3, assuming that it takes about 2.5 seconds for deterioration of the peak shape 
by about 90 % in terms of the theoretical plate number. Accumulation is performed 300 times in this period, as 
described later. 

20 In the conventional method of providing a detector on a part of a separation passage for detecting target compo- 
nents passing through this position, the analysis is not completed until separation is completed and the final target com- 
ponent passes through this position. In the present invention, on the other hand, measurement can be executed at the 
point of time when the final target component is completely separated, thereby shortening and the measuring time. 
It is possible to improve the signal-to-noise by repeating the measurement and accumulating the measured values, 
25 whereby the detection sensitivity is improved. 

While the peak width of an electropherogram is increased as the migration speed is reduced in the conventional 
detection method, all target components are at the same migration time and hence an elegant electropherogram can 
be obtained with regular peak widths by means of the present invention. 

Because the number of repetitive measurement times is automatically calculated, it is not necessary to manually 
30 perform complicated calculations and therefore erroneous operation is not caused by miscalculation. 

The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Figs. 1 A and 1 B are plan views showing transparent plate members forming a microchip according to each of the 
prior art and the present invention, and Fig. 1C is a front elevational view showing the assembled microchip; 
Fig. 2 is a schematic perspective view showing an embodiment of the present invention; 
Fig. 3 is a circuit diagram showing a photocell array in the embodiment; 
40 Fig. 4 is a block diagram showing a control system in the embodiment; 
Fig. 5 is a flow chart showing operations of the embodiment; 

Fig. 6A is a schematic front elevational view showing a separation passage stopping separation and a photocell 
array in the embodiment. Fig. 6B is a waveform diagram showing a chromatogram of the embodiment, and Fig. 6C 
is a waveform diagram showing an electropherogram of the prior art; and 
45 Fig. 7 is a flow chart showing operations in another embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 shows an apparatus according to an embodiment of the present invention. Microchip 5 is that shown in Fig. 

so 1C. In order to irradiate a constant range of Its separation passage 55. light from a light source 1 is nearly extended 
along separation passage 55 and is converted to parallel light by cylindrical lens 2. Introduced into bandpass filter 3. 
the light transmitted through bandpass filter 3 is made to have a prescribed wavelength, is condensed by cylindrical lens 
4, and introduced into separation passage 55 of microchip 5. Cylindrical lens 6 is provided on an opposite side of micro- 
chip 5 in order to condense the light transmitted through separation passage 55. and the light condensed by cylindrical 

55 lens 6 is introduced into photocell array 7 of a light detector and detected. Cylindrical lenses 2, 4 and 6, bandpass filter 
3 and photocell array 7 are shorter than, but substantially identical in length to separation passage 55. Photocell array 
7 comprises 512 photodiodes, which are linearly arranged along the longitudinal direction of separation passage 55 as 
detection elements. 
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Bandpass filter ?,which is arranged on the light irradiation side in this embodiment, may alternatively be arranged 
on the light detedionslde, i.e., on the optical path between microchip 5 and photocell array 7. 

Photocell array 7has a circuit structure shown in Fig. 3. Photocell array 7 has odd photodiodes 1 1 and even pho- 
todiodes 12, which ae alternately arranged on single straight lines. The number of photodiodes 1 1 and 12 is 512 in 
5 total. Photocell array? is further provided with 512 dummy photodiodes 13, which have the same characteristics as 
photodiodes 1 1 and ; E employed for measurement. Switching elements 14 consisting of MOS-FETs are connected to 
photodiodes 11. 1 2 aid 1 3 respectively. An odd shift register 1 5 or an even shift register 1 6 is connected to each switch- 
ing element 14. so thftON and OFF states of each switching element 14 are switched by a signal from shift register 15 
or 16. 

10 Numerals 17 andi8 denote operating signal input terminals of the odd and even shift registers 15 and 16 respec- 
tively, numerals 19 awl 20 denote odd and even reset signal input terminals respectively, numerals 21 and 22 denote 
output terminals for tteodd and even photodiodes 1 1 and 12 respectively, numerals 23 and 24 denote output terminals 
for the dummy phototfodes 13, and symbol Cv denotes capacitors. 

The electrophordc apparatus comprises control part 40 shown in Fig. 4. which controls this electrophoretic appa- 

is ratus. Control part 40is formed by a microcomputer including a CPU. a RAM, and a ROM. Input terminals 17 to 20 of 
photocell array 7 areo&nnected to control part 40. Output terminals 21 to 24 of photocell array 7 are connected to con- 
trol part 40 through anplifier 41 and A-D convertor 42. Furthermore, control panel 43 comprising keys for an operator 
for inputting commarafe and a CRT (cathode ray tube) for making displays, X-Y printer 44 for charting measurement 
results and power sotice 34 are connected to control part 40. 

2c In this embodimfrit, the light from light source 1 is converted to parallel light by cylindrical lens* 2, passes through 
bandpass filter 3 to ^converted to light of onlya specif ic wavelength, and is condensed on separation passage 55 of 
microchip 5 by cylindtcal lens 4. The light passing through separation passage 55 is converted to parallel light again 
by cylindrical lens 6,^id applied to photocell array 7. 

Operations of thgembodiment are described with reference to a flow chart shown in Fig. 5. 

25 When a programis started, initialization is performed for bringing power source 34 into an ON state and setting 
printer 44 on an initiaiposition (step S1). The operator sets separation parameters, such as a sample injection time, a 
sample injection voltaje, and a migration voltage through control panel 43 (step S2). The operator then sets measure- 
ment parameters, suth as a migration end time (= accumulation start time) and an accumulation time (step S3). The 
program waits for a sfart command (step S4). 

30 As in convention^ microchip electrophoresis, the operator injects a sample and pushes down a start button of con- 
trol panel 43. Eloctropioretic separation of the sample is begins in. and the migration voltage is applied across separa- 
tion passage 55 of tto microchip 5 based on the parameters which have been set in the program (steps S4 and S5). 
With this, the sampleis moved into separation passage 55 and separated. 

When the set mrpation time has ended (step S6), target components are separated in separation passage 55. It is 

35 assumed that target components a. b. c and d are separated as shown in Fig. 6A. Capillary electrophoresis (identical 
to this microchip electrophoresis) is characterized by the fact that when a high voltage applied for electrophoresis is 
eliminated, componerts in a capillary remain in situ with no influence by inertia! force. Therefore, the components a, b, 
c and d are naturally tfffused. Measurement is started in accordance to the setting at the step S3 (step S7). At this time, 
each photodiode of photocell array 7 corresponds to each position of passage 55. Photocell array 7, which is provided 

40 with the 512 photodioles arranged at pitches of 25 um, is 12.8 mm in length. Accordingly, light absorption images are 
obtained in the resolition of 25 jim in the range of the length of 12.8 mm of the separation passage 55. The states of 
separation shown in fig. 6A are obtained as ultraviolet absorption images shown in Fig. 6B. 

Control part 40 repetitively scans photocell array 7 and makes accumulation, whereby a signal-to-noise ratio shown 
in Fig. 6B is rapidly irureased (steps S7, S8 and S9). When the accumulation is completed, control part 40 outputs the 

45 measurement resultsto printer 44 (step S10), and turns off power source 34 for ending the program (steps S1 1 and 
S12). 

The time for repflftive measurement can be decided with a standard of the degree of deterioration of a theoretical 
plate number N. Thetheoretical plate number N, at the time of stopping electrophoresis, is deteriorated by natural dif- 
fusion. If stopped witfia deterioration of 1 0 %, for example, scanning can be performed about 300 times, assuming that 

so there is a repetition tine of 2.5 sec. and single scanning takes 8 msec, (as described later,) and the signal-to-noise ratio 
is increased by 17.3 times. The signal-to-noise ratio is further improved in the case of scanning at a higher speed or 
analyzing component having small diffusion coefficients. 

Fig. 6C shows anelectropherogram obtained by detecting target components passing through a specific position 
of a detection part in conventional capillary electrophoresis. As compared with that shown in Rg. 6B, the signal-to-noise 

55 ratio is smaller, the nreasurement time is longer, and peak widths of components having slow migration speeds are 
larger. 

The number of repetitive measurement times allowable after stopping the application of the migration voltage is 
described. 
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In general, the theoretical plate number N is expressed by a capillary (separation passage) length Land a standard 
deviation a of peaks as follows: 

N = (L/cr) 2 (1) 
Assuming that the capillary length L is 2 cm and the theoretical plate number N is 10000, 

a 2 =4/10000 
= 1/2500 



A theoretical plate number N' after t' seconds from stopping the application of the migration voltage can be expressed 
as follows: 

N' = L 2 /(a 2 +a 2 ) (2) 

where a' represents standard deviation of the peaks after t' seconds from stopping the application of the migration volt- 
age. Assuming that D represents a diffusion coefficient and t represents time, natural diffusion of a solute in a solvent 
is expressed as follows: 

a 2 =2Dt (3) 

Hence, 

N' = L 2 /(a 2 +2Df) (4) 

Hence, the time before deterioration of the theoretical plate number N to the value N\ i.e.. the time t' during which repet- 
itive measurement is possible before the deterioration of the theoretical plate number N to the value N' is as follows: 

f = (L 2 /N'-a 2 )/2D (5) 

When the time t' during which repetitive measurement is possible is obtained, the number of scan times is easily calcu- 
lated since the time required for a single scan of the photocell array 7 is obvious. 

Table 1 Illustrates times before reduction to (N7N) of theoretical plate numbers of some solute examples. 



Table 1 



Solute 


Molecular 


Concentration 


Dx 10 5 (cm 


N7N = 0.9 


N7N = 0.8 


N7N = 0.7 




weight 


(mol/1) 


2 /sec) 


(sec) 


(sec) 


(sec) 


Hydrogen 


36.5 


0.1 


2.5 


0.889 


2.000 


3.429 


chloride 














Sodium chlo- 


58.5 


0.05 


1.39 


1.599 


3.597 


6.166 


ride 














Ethyl alcohol 


46 


dilute 


1 


2.222 


5.000 


8.571 


Glycerin 


92 


0.125 


0.83 


2.677 


6.024 


10.327 


Malt sugar 


342 


0.1 


0,42 


5.291 


11.905 


20.408 


Serum albu- 


70000 


dilute 


0.061 


36.430 


81.967 


140.515 


min (bovine) 














Serum globu- 


167000 


dilute 


0.04 


55.556 


125.000 


214.286 


lin (bovine) 














Urease 


480000 


dilute 


0.035 


63.492 


142.857 


244.898 


Hemocyanin 


6600000 


dilute 


0.0138 


161.031 


362.319 


621.118 
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It is known that a solute in a solvent causes only natural diffusion when a migration voltage is eliminated during 
migration in capillary electrophoresis. In the case of scanning ultraviolet absorbance measurement in parallel with sep- 
aration passage 55 while eliminating the applied voltage, improvement of the signal-to-noise ratio is expected in 
response to the number of scan times. When a photodiode array detector for a high-speed liquid chromatograph is 
employed, as the photocell array 7, the time required for scanning is 8 msec. A solute having ultraviolet absorption gen- 
erally has a molecular weight of at least 100, and the theoretical plate number N of such a solute is not deteriorated to 
more than 90 % for at least 2.5 seconds. Assuming that scanning is performed 300 times in 2.5 seconds, noise n\ which 
is reached by scanning 300 times, can be expressed in relation to noise n of the measurement of a single scanning, as 
follows: 

N' = n/(300) 1/2 
w n/17.3 

Hence, improvement of the signal-to-noise ratio of 1 7.3 times can be expected. 

When the repetition time is obtained by substituting numerical values for the parameters in the expression (5), the 
number of scan times can be decided. However, this calculation is complicated, and requires lengthy manual calculation 
by the operator before measurement, which may result in erroneous manipulation caused by miscalculation. According 
to another preferred embodiment of the present invention, the expression (5) is stored in control part 40, which is a com- 
puter for-automatically performing this calculation by simply inputting necessary parameters in control part 40. Opera- 
tions performed at this time are described in the flow chart shown in Fig. 7. 

When a program is started, initialization is performed for bringing power source 34 into an ON state and setting 
printer 44 to its initial position (step S1 ). The operator then uses control panel 43 (step S2) to set the separation param- 
eters, which include the sample injection time, the sample injection voltage and the migration voltage. Also included are 
the measurement parameters for the migration end time (= accumulation start time) and the accumulation time. 

The operator then inputs the parameters for deciding the number of scan times, i.e., the diffusion coefficient D, the 
capillary length L, and an allowable degree of deterioration (corresponding to the value N') o< the theoretical plate 
number N caused by a wait time by the repetitive measurement (step S3). The program then waits for a start command 
(step S4). 

Similar to general microchip electrophoresis, the operator injects the sample and pushes down the start button ol 
control panel 43. Electrophoretic separation of the sample is started according to the program, and the migration volt- 
age is applied across separation passage 55 of microchip 5 on the basis of the set parameters (steps S4 and S5). With 
this, the sample is moved into separation passage 55 and separated. When the set migration time is ended (step S6), 
target components are separated in separation passage 55. 

Measurement in photocell array 7 is obtained by the following steps: first scanning is performed (step S7). and the 
standard deviation a of sample peaks is obtained on the basis of the measurement results, and are used for calculating 
the number of scan times from the expression (5) (step S8). The photocell array 7 is repetitively scanned by the calcu- 
lated number of scan times and the results are accumulated (step S9). After completion of the accumulation, measure- 
ment results are outputted to the printer 44 (step S10), and power source 43 is turned off. thus ending the program 
(steps S11 and S12). 

From the relation of the expression (1), the expression (5) can be transformed as follows: 

f = L 2 (1/N'-1/N)/2D (5a) 

In the calculation of the number of scan times during step S8. the theoretical plate number N of the sample peak may 
be obtained on the basis of the measurement results of the first scanning. 

If the allowable degree of deterioration of the theoretical plate number N has been determined by the theoretical 
plate number N at the first measurement, and the length L of the separation passage 55 has been decided upon, the 
parameter inputted by the operator is only the diffusion coefficient D. Furthermore, the diffusion coefficient D can also 
be determined if a target sample and a solvent have been decided upon, whereby the number of scan times can be 
automatically calculated without inputting any parameter. 

As still another embodiment, scanning for measurements can be repeated by providing light irradiation means of a 
measuring device with a light source and an optical system irradiating a separation passage with beamy light, providing 
light detection means with a single photodetector which is positioned to detect light from a sample in the separation pas- 
sage by light from the light irradiation means. Either the light irradiation means and the light detection means are sup- 
ported yet unfixed along the separation passage of a microchip, or the microchip is to be movable along the separation 
passage in respect to the light irradiation means and the light detection means. In the case of migrating giant molecules 
such as DNAs or using a gel liquid as a buffer solution, it is conceivable that diffusion (natural diffusion) of a sample 
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hardly takes place, and the accumulation can be performed without high-speed scanning. 

Although the present invention has been described and illustrated in detail, it should be understood that this is 
intended as an illustration and example only, and is not to limit the spirit or scope of the present invention which is limited 
only by the terms of the appended claims. 

Claims 

1. A microchip electrophoretic method of filling a separation passage(55) of a microchip(S) with an electrophoretic 
buffer solution, injecting a sample into one end and applying a migration voltage across said separation pas- 
sage(55) for electrophoresis, characterized by comprising the steps of: 

stopping the application of said migration voltage upon complete separation of target components in said sam- 
ple; 

irradiating said separation passage(55) with light over a prescribed range which has separated said target 
components for repetitive measurement of absorption or light emission by said sample over entire said range; 
and 

accumulating measured values in each position of said separation passage(55) for determining migration pat- 
terns. 

2. A microchip electrophoretic apparatus comprising a microchip(S) which has a separation-passage(55) formed in a 
transparent member and is filled with an electrophoretic buffer solution in which a sample is injected into one end 
and a migration voltage is applied across said separation passage(55) from a migration power supply unit fa elec- 
trophoresis and separating said sample in said separation passage(55), characterized by comprising 

a means(1, 2, 3, 4) of light irradiation which irradiates said separation passage(55) with light over a prescribed 
range; 

a light detection means(6, 7) which detects said absorption or light emission by sample components being sep- 
arated in said separation passage(55); and 

a data processing/control part which controls said migration power supply unit which stops said application of 
said migration voltage upon complete separation of said target components in said sample, repetitively per- 
forming measurements along said separation passage(55) by said light detection means(6, 7) in this state, 
thereby accumulating measured signals thereof in each position of said separation passage(55) for determin- 
ing migration patterns and thereafter performing data processing. 

3. The microchip electrophoretic apparatus in accordance with claim 2, wherein 

said microchip(5) comprises a pair of transparent plate members(51 , 52). a groove for filling a liquid is formed 
on a surface of at least one of said plate members(51 , 52), one of the said plate rnembers(51 , 52) is provided 
with holes(53) in positions corresponding to said groove, and these plate members(51 , 52) are joined together 
so that said groove faces inward, forming said separation passage(55). 

4. The microchip electrophoretic apparatus in accordance with claim 2, wherein 

said light irradiation means(1. 2. 3, 4) comprises a light source(1) and an optical system(2, 3, 4) which irradi- 
ates said separation passage(55) in a prescribed range with nearly condensed light, 
said light detection means(6,7) comprises a plurality of photodetectors which are arranged along said separa- 
tion passage(55) for simultaneously detecting light from sample components which have been introduced into 
said separation passage(55) and are irradiated with light by said light irradiation means(1. 2, 3, 4), and 
said data processing/control part repetitively performs measurements by said light detection means(6, 7) and 
accumulates its measuring signals in each said photodetector for determining migration patterns. 

5. The microchip electrophoretic apparatus in accordance with claim 4, wherein 

said light irradiation means(1 , 2, 3, 4) comprises said light source(1) which is linearly extended along said sep- 
aration passage(55), and a cylindrical lens(4) which is positioned for condensing said light widthwise along 
said separation passage(55) and for introducing tight from said light source(1) into said separation pas* 
sage(55), and 

said light detection means(6, 7) comprises a cylindrical lens(6) positioned for condensing light widthwise along 
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said separation passage(55) and for guiding said light from said separation passage(55) to said photodetec- 
tors(7). 

6. The microchip electrophoretic apparatus in accordance with claim 4, wherein 

said light detection means(6, 7) is adapted to detect light absorption by sample components in said separation 

passage(55). 

and 

either said light irradiation means(1 , 2, 3. 4) or light detection rneans(6, 7) comprises spectroscopic means(3) 
which select a wavelength for measuring absorbance. 

7. The microchip electrophoretic apparatus in accordance with claim 2, wherein 

said light irradiation means(1 , 2, 3, 4) comprises a light source and an optical system irradiating said separa- 
tion passage with light beam, 

said light detection means comprises a single photodetector which is positioned to detect light from said sam- 
ple in said separation passage(55) by said light from said light irradiation means. 

a set, which includes said light irradiation means and said light detection means, and said microchip(5) are 
capable of relative movement along said separation passage(55), and 

said data processing/control part which repetitively moves said set or said microchips) along said separation- 
passage(55) and accumulates detection signals by said light detection means in each position along said sep- 
aration passage(55), thereby obtaining said migration patterns. 

8. The microchip electrophoretic apparatus in accordance with claim 7, wherein 

said light detection means is adapted to detect light absorption by said sample components in said separation 
passage(55), and 

either said light irradiation means or said light detection means comprises spectroscopic means which selects 
wavelength for measuring absorbance. 

9. The microchip electrophoretic apparatus in accordance with claim 2, wherein 

said data processing/control part comprises a calculation formula which includes a diffusion coefficient of said 
sample and a peak deterioration degree as parameters for calculating the number of repetitive measurement 
times by light irradiation in said separation passage(55). and for automatically calculating said number of repet- 
itive measurement times by inputting said parameters and controlling repetitive measurements. 

10. The microchip electrophoretic apparatus in accordance with claim 9, wherein 

said data processing/control part comprises the following calculation formula for obtaining a time t' until deteri- 
oration of a theoretical plate number to N' as a time allowing said repetitive measurement: 

t' = (L 2 /N'-a*)/2D 

where L represents a length of said separation passage(55), a represents a standard deviation of a peak, and 
D represents said diffusion coefficient, for calculating said number of repetitive measurement times on the 
basis of said time t\ 

11. The microchip electrophoretic apparatus in accordance with claim 9, wherein 

said data processing/control part comprises the following calculation formula for obtaining a time V until deteri- 
oration of a theoretical plate number to N' as a time allowing repetitive measurement: 

r = L 2 (1/NM/N)/2D 

where L represents a length of said separation passage(55) and D represents said diffusion coeff icient, for cal- 
culating said number of repetitive measurement times on the basis of said time t\ 
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FIG. 1C 
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FIG. 7 
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